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Admissible sampling frequency in measurements with

variance-constrained and missing data
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Abstract: We investigate the admissible sampling frequency in measurements with variance-constrained and missing
data. The steady-state characteristic of error variance in the target tracking system with missing data is analyzed, and some
properties are derived by using the linear matrix inequality (LMI) method. The results show that the sampling interval
can be extended in practical engineering measurements with variance-constrained, so that the requirements on sampling
frequency can be relaxed and the costs of measurement equipment can be reduced. A numerical example illustrates the

validity of our conclusions.

Key words: missing measurements; sampling frequency; variance-constrained; LMI

1 5|F (Introduction)

2 LR R 28R E T m i /N T ZE AT, B K
IR TIREE B 20E B UL THE S, 2&
— PR B AL TE B . AR B G D Y AN AR TR 4 7 T R
TR B, T H B U U8 s AR — e = S B e I 45,
X LB 5 SRR AR S S s TRE A RE SE A VUL, — L8
UAR B T 3 NIz T AR, 2 o) 22 8 A v,
1E HbRERER R G, DB R 25 2 30w 9 OR1E A
PP I8 A M BB — AN B R bR, JEP AR T P
AEIH B MG TR ZE B AR IE L R ET T
727 MO(ECA) BRI 45 R BF ST 2R 5L T 07 2 4
DR PRIV R ) 230 ECA 8 [ AZ O AR B 45 52 1)
AR SRR TRENI R FRAR I8P R 22 L ARG TERRS
TR ZE T ZEH. TR R ZE T ZLIR T, 2 R
FEAR I T ZE LR I BOK, T UL I8 S 2 AHAE
[PIUESE A I HAD YR e Fa bR, RO, W] LA B SEBr R 48
AR 2 T PE REFR AR A2, SR H0IH = 1R 428 1 S s

FESEFR H bR ERER RS, T RS 4 1Y | ng
7 AR PR B DL S BRI 1 % i B 45 R 3% A AE, R

ek H T 2011—01—04; oz ook H #1: 2011-09—05.

o IUE 7SI S il N el W PR S VAR e
JISA AN SE A B R (A 1 () 8, DL STk [4-8]. 7E
AR, T BEHARNE R 55N, AE
FAH N () Ak 1 B8 B A B LA, DRI Ak A 2R R A
VLA R AR, 20044F, SCHR[410F 9T T A8 4 235 b
HEKalmany€ i 2 48 ik v 25 By 22 1 G v s ik
SCHRI91, T20084 A 5T T i 47 22 B H 2 2Rk 1 I
(i) i AT 2 P 2R 496 1) S D0 0 0 i) 780, 3 3ot fi#Riccati 77
FEF1—ANLyapunov Jy F2 1] LA B S L. SCHR[101HF
70T A sE4 & T i Kalman€ % b -5 1) 11 A8 48 )
MEZR ] {8, SCHRIL IR AS 58 A R AR LR 1 R &1
R D8 I ) BUEAT T WEST. SCRRI12D60 AN 5¢ 4 i
TP R R 2 R LR e M AT TR, e
W7 ZE FIMT UG Al V1R 22 s /NI, 7 R R R 2 8D
(R A% T 2 1 1 O e AT FLIG. SCHER(13 1% 4 A
ANGE A B DURN T SR AR R B 6 K 117 25 A5 S8 B ML 2R 45t
(T BH L E I 28 HEAT T ¥ 1. S 4h, H20034F LK,
Nakamorififf 7 (L 751 (1A 5 A i 14151 )
W7 2 B T A MR IR BE Y 2 1101, DL R X e

FEETH: I FARRE RS I H (61104186); 5K 1 AR R 5L 4 7 W01 H (60804019); 201 14EVL H3 44 il i AW 5 AL RHITBIE vF X1 2%

BhIH H (CXLX11-0261).



630 oW w5 N A %529 %
RS A AN 8 A BT JE e R I RF B E T RAF X
R Thp1 = Thy1 — -i'k+1|k- )

L TR U AR AT AR AR MK 22 50 B 2 R 2R AL
I TR ARG TE, (049 0 IR v £ 1 e vt o R Bk
PAGIRES M R — @ it b T
BN, BEARAT I A, 7618 iR 22 77 ZEANBE
TNV % B AR A RS B LR AT N, LR M
LU IR 2R, 8058 R GE 11 22 5 22 WA T LABR AR 15 vt
M JSE B IE PN PR A ARG P A S 2. A ST L 9 A7
TEERIIEDLR, WF9E TR 22 ZL R, 45 e R
AERMINE 2T, 5 B8 T RE VPR IUOR X R
TR SE BRI
2 o] B4R (Problem statement)
R8I R A SE AR M RGURAS 7 R
1 = F(AT)xy, + wy, )
Y = dpHxp + vg, 2

X 2y € RVNER ZIHndE HAIRE, F(AT) N
KEEMBRAT I E PRSI, w, € RPAFY
B 77 Z2 QI R, gy € R™ ) i)
H A& 4 s R B, v, € RMAFIE. T %
N R QU e 7 B PR A AN 58 4 B 5 AR,
W dy IR 0B 77 11 2 B B L AR =, I A\ ik
HilBernoulliF AL 73111, WI{dy } o A& REHLIY, F KRR
Bl LR dy = ORRENEIE LK, d, = 1
TP B S DEAR, W L Prob {dy, = 1} = A\, \A
ARG, AT L 25 K T B IAEN s
KB v, S dy il 2
N(0,R), dy=1;

P(Uk|dk) = {N(O)?f[), dk = 0.

Ky, = 0 MU BRE R n — oo. & X
iLk\k =E [JUk |ZkaDk]7
Pk|k = E[(ﬂfk - ka)(@“k - i“k)T \Zka],
-’i;k—o—l\k =E [$k+1 |Zk> Dk]> 3)
Pk+1|k =
E[($k+1 - i%k+1)($k+1 - fk+1)T ‘Zka Dk]a
Urr1k = E[Yres1 | Zi, D],
Hrp: B )R BN, w8 Zy, Dy 3l E X
Zy = [y1 yk]Ta Dy = [dl dk]T-

A LS EME IE R R 2 iE i 7 FE:

Tpyrp = F(AT) Tk,

Pisip = F(AT) Py F(AT)" + Q,

K1 = Py HT(HPk+1\k H" + R)™,

Tkt1)k+1 = Tht1)k + dk+1Kk+1(yk+1 - ka+1\k)>

Pyiijgpr1 = Poprpe — der Kt H P -

“4)

H FE[Z41] = 0, A& IE A 35S A R (4) T LA 3

NIME IR R IR S e PR 7 T R
P = E[ikﬂffﬂ] =

(1 —d)(F(AT)P.F(AT)" + Q) +
dy[(I — KH)(F(AT)P,F(AT)" +
Q)(I — KH)" + KRKT]. (6)

ZB B I dy )y B, Pey 24 HACY

B[Py 7, B a] LU 8RO Ze v iy S xS =X

(6) P dp KEUWE, v LIS BN Gt 5 SO R /R 8k

BT RE:
pk+1 = E/\ [Pk+1] =

(1 =\ (F(AT)P.F(AT)" + Q) +
NI — KH)(F(AT)P,F(AT)" +
Q)(I - KH)" + KRK"]. (7)
P = leI& Pk+1 = kli% E)\[i'k+ljz+1:|.
FHM (D BIFEAS N HRZE 5 25 R8N
P=(1-)\)(F(AT)PF(AT)" + Q) +
M(I — KH)(F(AT)PF(AT)" +
Q)(I - KH)" + KRK"]. (8)

HH @) I L, 7E4S & TRIME SR, SRAEIRI R 48 v i

ST ST 22 PAT .

3 AREEWMHRET ZLAR MMERSE
VF 2K ¥f 18] B (Admissible sampling interval
with variance-constrained based on missing
measurements)

31 A2 T 7 Z BEYE B (The properties

of error variance with missing measurements)
SIE8 117(Schurkh) 162y, 2o, 2504 1& 4 5 B,
HA2 > 0, WU A5

_ 0 (3
21— 2:0,10F >0, or o] >
FINBREL
Iar(X,K) =

(1= N(F(AT)XF (AT)" + Q) +

AM(I — KH)(F (AT)XF (AT)" +

Q)(I - KH)" + KRK"]. )
g1 2081 RS EMR, A AEAENE D 55 K



553

MR Ia55: AN e Al iR 22 T3 22 QR0 IR VERFERIR 631

{6 5 G SR, 24 LA M A B X P ARk
X > Iap(X, K) (10)
HIESERR. ALK IR WP = inf 2(K)

Je AN A (10 A A AR Q21 R il ¢, 1y HLP ] 3 2 SRk
min {tr(X) | X € Q(K) }F2], XH

Q(K) = {X|X > ar(X,K), X > 0}.

T 1 W Q)W s, (F, H)i W, 4
HAEZRO < Y < Iffif5
. Ay A
Unar(Y,Z) = A, A, <0, (11)

X H:
All - _K A21 - A12T7
A, = [VI =AY F (AT)
VA(YF (AT) — ZHF (AT))
VI=XY VY - ZH) V)\Z],
A22 - dla‘g{ _Y) _Y7 _Q_lu _Q_17 _R_l }
e e[RRI AfAEX > 0TS
X > Iap(X,K) =
(1= \)(F (AT) XF(AT)" + Q)+
A(I = KH)(F (AT) XF(AT)" +
Q)(I - KH)" + KRK").
B RS
Bll Bl2
BQI B22

[1]

<0, (12)

X

By, = —X, By, = BuTa

B12 = [\/ﬁF (AT> \A(I_ KH)F (AT)

VI=AI VI -KH) VK],

By =diag{—-X"', - X! —-Q7',-Q~ ', -R'}.
£ PR R S5 50 (12) B ] I e L diag (X 1, 1, 1, 1,
1,13
X1 0145

O5><1 IS><5

C’11 012
A= <0,
C’21 022

= [X_l O1x5

O5><1

-[5><5

X

Chh=-X"0Cy= ClT27

Cio = [V1 = AX"'F(AT)
VAX Y (I — KH)F (AT) VI =X}
VAXY(I - KH) VAX K],

Cop = diag{ — X1, X!, —Q~!,—Q~',—R'}.

LAY =X"1'>0,Z =YK, WaER11). XK

NUar(aY,aZ) = aWar(Y,Z), Y 7l LR & K
Y <L

E 2 (Y, Z)ELMI(11) ) 20 F A% K AE )
il max tr (V) AH B AR AR 5, W22 GE()FI3)

(Y,2)e¥ar(Y,Z))
A R FE A Kalman I iR 2 77 22 K 2673 A
Pa =Y ", K =YZ.
i il
Q2 ={(P,K)|I'ar(P,K) < P,P >0}.

1 T KalmanJ& i #1158 25 7 72 B Py 556705, BT LK i
ﬁ(P7 K) € ‘Qi’gﬁpkal <Pa E—Pkali%gm—l:‘ﬁﬁﬁ, E&
(Prat, Kyar) 72 20 ARARAR 1) 75

min(tr(P)),
I'rr(PK)—P <0
FHINAR /N . ERE BELAN
Pl=Y, Kum=YZ
A3 R N FLMI (1) A i, 0T
max(tr(Y)),
Unr(Y,Z) <0

13)

(14)
il
32 TRRETT EAR T AL BB AV R gk
U (The algorithm of admissible sampling
interval with variance-constrained)
TEL 8 R FE R B R, v DU & B2 MR 15 R 40 1) %
IINRZETT 2 Py, 08008 1 22 07 22 W22 SR I, A0 n)
DLSRAGIH A 2K 7 224 Wdabrdiag{ PL} < 0, &
G RVF IR B KRR . 8 LPy = g2 (Py) RN
diag{ P, } =02, HP, 5 P BAMIFMAX ML ITE.
VR 22 T 26 2T Ak B PRV S5 R SRAT: [ B =K X
Bkl

max{AT},
All A12
st. Uarp(Y, Z) = 0,
st D)= 4 A
—-p I 0,
I -Y

KHLA, Ao, Aoy, Ago [FIEFLL. 7R3 2 EIRHANA
2 BT S UL R, R HLMUY 306 A W] 48 2% 07
ZEPYARR, R o0k, S BoR B m] #2155 2 T
AR LA I KRAE R AT

A 22 BN AR SR8 SR A I T () 25/ R TR, X
JEUbRUEZE (2485, B 229 K0 ROR A5, W 0% =
4 x diag{ P}, HixmfE B w1 .



632 E R N 75

[

5 N H 29 %

IR
j'y ATO! q’ R’ &

FH e FL T 3K H (Y, Z,)
!
e BE2 AT SR
PO:Y()", K=Yz,

40*=4X diag{P,}

}

Py=y,(Py)

!
FUR 40k, Kl Sk 11
BRATEL S HIRI(Y,, Z,)

v
P,=P
(2P ommamme k7,

O<|(Pa)1j7 (PO),-/»|<8,iij

AT, P=P,, K=K,

Bl 1 R 25 ZE AT ARV R AR SR B e
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variance-constrained when A = 0.8

h T PR A R, AT T
ANGEA IR BT HER R 48 Monte Carlof)i 3L &,
18 15007k Monte Carloffj BT, F425 T £ HE N
= 0.8, T/ 5l J2 sFI13 sivf 18 387 1) 47 B 34 75 i 2.
KISZE T HRIMAEREN = 0.8, T35 2 sHI13 shf J€
TR 38 T 22 56 LAl SL 18], MAMonte Carlof)j 5
] BUE Y, A SO LMD V22 R,

g 70 T T T T

50 /\\ T=2s !
Q*E 30 1 1 [l 1
0 50 100 150 200 250
t/s
S 100 T T T T
=~ 80 | / N T=13s i
Q.‘E 60 1 1 1 1
0 50 100 150 200 250
t/'s

4 X\ = 0.8, T4l k2 sFIL3 s SN (107 5 35 7 1 72
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